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Abstract
Introduction. C cells constitute a small percentage of thyroid gland parenchyma. The number, morphology and 
distribution of C cells differ among species; however, data regarding their characteristics in European bison are 
sparse. The aim of this study was to evaluate the morphology, distribution pattern and percentage of C cells in 
European bison thyroid gland together with morphometric analysis.
Material and methods. Thyroid glands from 28 European bisons of different sex and age were collected either 
in autumn-winter (13/28) or in spring-summer (15/28) periods and analyzed by immunohistochemistry.
Results. The mean total C cell number per all endocrine (follicular and C cells) cell number (C cell concentra-
tion) was 7.33%. The tendency to increase the C cell number from periphery to the central region of thyroid 
lobe was observed with the mean C cell concentration of 3.95%, 7.89% and 9.97% in peripheral, intermediate 
and central areas, respectively. Most frequently, C cells were situated intrafolliculary whereas epifollicular and 
interfollicular positions were observed less often. C cells were polymorphic with long cytoplasmic processes. 
The mean C cell area was 61.97 µm2 and the mean C cell perimeter, length and width were: 34.92 µm, 12.85 µm 
and 4.91 µm, respectively. In the majority of C cells, strong immunohistochemical cytoplasmic reaction was 
observed with the mean color intensity of 78.32. In autumn-winter period, C cells were significantly larger with 
lower color intensity than during spring and summer.
Conclusions. This study leads to deeper characteristics of thyroid gland C cells in European bison. The histo-
morphometric data suggest that in European bison production of calcitonin by C cells may differ depending on 
the time of the year. (Folia Histochemica et Cytobiologica 2018, Vol. 56, No. 4, 222–230)
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Introduction
The European bison (Bison bonasus) had been threat-
ened with extinction in the early 20th century. Despite 
successful restitution it still belongs to endangered 
species. Hence, many investigations have been under-
taken on this species. Most of them are anatomical [1] 
and pathomorphological [2] studies. However, histo-
logical studies of various organs including endocrine 
glands are not numerous [3, 4]. Until now, little is 
known about the histological structure of the Euro-
pean bison thyroid gland [5, 6].
The mammalian thyroid gland parenchyma con-
sists of two cell types: follicular and parafollicular. 
Follicular cells (thyrocytes) are the prevailing element 
of thyroid parenchyma forming walls of thyroid fol-
licles and producing triiodothyronine and thyroxine. 
Parafollicular cells, also called as C cells, represent 
the second type of the endocrine cells in thyroid gland 
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and constitute a small percentage of its parenchyma. 
They produce calcitonin and endocrine peptides such 
calcitonin gene-related peptide, somatostatin and 
helodermin [7]. It is widely known that distribution of 
C cells within the thyroid lobes as well as their number 
and morphology vary [7–9] and some of these features 
are species-specific [9]; however, studies regarding 
this subject are not numerous. Most of them focus on 
human [10] and laboratory animals [9, 11, 12] and less 
often on other domestic animals [12–14].
According to our knowledge, there are only four 
papers presenting some data regarding C cells in 
European bison thyroid gland. Two of them describe 
microscopic structure of thyroid follicles [5] and 
remnants of ultimobranchial bodies within thyroid 
parenchyma [6], so they contain only sparse informa-
tion regarding C cells. Among another two papers in-
tended to analyze C cells in bison’s thyroid gland, one 
focused on expression of neuroendocrine markers and 
regulatory peptides in C cells and their distribution 
pattern in normal thyroid gland and ultimobranchial 
remnants [15]. Only one paper [16] provided more 
detailed data on distribution of C cells in European 
bison thyroid gland. However, in available literature 
there is no information regarding the proportion 
of C cells to either all endocrine cell (follicular and 
C cells) number or follicular cells, although such stud-
ies were conducted on thyroids of humans and various 
mammalian species, including laboratory and domes-
tic animals [7, 8, 13, 14]. Moreover, no morphometric 
studies of European bison C cells were conducted.
Thus, the aim of this study was evaluation of the 
morphology, distribution pattern and percentage of 
immunohistochemically detected C cells in different 
areas of the middle part of European bison thyroid 
gland together with their morphometric analysis.
Material and methods
Animals and tissue collection. Thyroid glands collected from 
lowland European bison of both sexes (16 males and 12 fe-
males), aged from 3 months to 24 years were included in this 
study. Thirteen animals were culled during autumn-winter 
period and the remaining 15 animals were eliminated dur-
ing spring-summer period. The Bialowieza National Park 
(Poland) was responsible for culling of all European bison 
examined. The most common reasons for culling the animals 
were population control, car accidents and bone fractures. 
None of animals was killed for the purpose of this study. The 
culling was carried out with the permission of the Ministry 
of Environment and the General Director for Environmen-
tal Protection in Poland (decision number: DOP-OZGIZ. 
6401.06.7.2012.ls, DOPOZ.6401.06.7.2012.ls.1 and DLP-
III-4102-459/36490/14/ZK). Immediately after culling, the 
thyroid glands and other organs were collected during section. 
The autopsy protocols are available in Bialowieza National 
Park. According to the Polish law, tests on tissues obtained 
post-mortem do not require an approval of the Ethics Com-
mittee (Parliament of the Republic of Poland, 1997).
Only grossly normal glands were included. For the study 
purposes, the medial part of the left thyroid lobe of each an-
imal sectioned transversely was collected. Tissue specimens 
were fixed in 10% neutral buffered formalin, processed by 
common paraffin technique and cut into 3 µm slides. In 
each case, two specimens located at the distance of about 
100 µm were collected.
Immunohistochemistry. C cells were visualized by the 
immunohistochemical (IHC) method with anti-calcitonin 
rabbit polyclonal antibody (Dako, Glostrup, Denmark). The 
detection of C cells in European bison and bovine tissues 
with the polyclonal anti-human calcitonin antibody have 
been published previously [15, 17]. All IHC procedures 
were performed according to the manufacturer’s protocols. 
Microwaving (7 and 5 min, 700 W, in citrate buffer pH 6.0) 
was used for antigen unmasking. Then, the slides were in-
cubated with primary antibody diluted 1:400 for 1 h at room 
temperature. The REAL™ EnVision™ Detection System, 
Peroxidase/DAB+, Rabbit/Mouse (Dako) visualization 
system was used for antigen detection. The sections were 
counterstained with Erlich’s hematoxylin. Swine, equine and 
bovine thyroid glands were used as positive controls. Substi-
tution of primary antibody by TBST buffer (Dako) was em-
ployed for negative controls. European bison salivary gland 
was used to exclude cross-reactivity with glandular tissue.
C cell scoring. Quantification of C cells was performed 
manually by two independent observers in three areas of 
thyroid lobe in transverse plane: superficial, central and 
intermediate. In each region, cell calculation was made in 
14 randomly selected visual fields at total microscope mag-
nification 600× (154.89 × 193.61 µm) by counting all C cells 
and follicular cells present in the microscopic field (Nikon 
Eclipse 80i; Nikon, Tokyo, Japan). Then, results obtained 
from each region were summarized and the proportion of 
C cells to total endocrine cell population (C cell concentra-
tion) was calculated as follows:
Concentration of C cells [%] = number of C cells/num-
ber of all endocrine cells (C cells and follicular cells) × 100.
In each case, the C cell concentration was scored in both 
tissue sections separately and then, as final results, the mean 
values were calculated. The quantification was made for each 
region of thyroid gland and then the C cell concentration in 
whole gland was calculated.
Morphometric analysis of C cells. Sections were imaged 
using brightfield optics on a Nikon Eclipse 80i microscope. 
Individual images were acquired using a Nikon DS-Ri1 
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camera. NIS-Elements BR 3.22.15 microscope imaging 
software (Nikon, Tokyo, Japan) was used to capture the 
images. Images were sampled randomly throughout thyroid 
sections, but areas that contained preparation artifacts, cell 
debris, nonspecific staining, groups of C cells as well as tissue 
peripheral regions were avoided. Acquired images (24-bit 
RGB, 8 bits/color) had a resolution of 3840 × 3072 pixels 
and were stored in TIFF format.
To distinguish C cells from background the color thresh-
old was performed on RGB images by defining the limit 
values for all channels leading to the selection of the “blue” 
background pixels from the “brown” pixels of stained C cells. 
Careful selection of conditions and the method of taking 
pictures caused clear discrimination between background 
and cells stained immunohistochemically. All measurements 
were performed by the NIS Elements software in an auto-
matic way. The following parameters were calculated: cell 
area, length, width and mean color intensity. Overall, in each 
thyroid 40 randomly selected C cells were measured and the 
mean value was calculated for each parameter.
Statistical analysis 
Data, presented as mean values ± SD, were analyzed 
using Statistica 13.3 for Windows (Tibco Software Inc. 
Palo Alto, CA, USA). Statistical comparisons were 
made using the Mann-Whitney U-test. P ≤ 0.05 was 
considered significant.
Results
The distribution and concentration of C cells  
in the thyroid gland of European bison
In all analyzed specimens, C cells were unevenly dis-
tributed thorough the thyroid gland parenchyma with 
some inter-individual variations in their distribution 
patterns.
Microscopic analysis showed that in European 
bison thyroid gland C cells were located in groups 
surrounded by parenchyma containing either individ-
ually located C cells or only follicular cells (Fig. 1). 
Generally, together with the increase in total C cells 
number, the groups of parafollicular cells became 
larger and sometimes clustered. Only in the narrow 
zone of thyroid parenchyma lying directly under the 
capsule, C cells were sparse and the areas devoid of 
them were observed.
In 13/26 cases C cells hyperplasia was found. Usu-
ally it was focal, however, in 5/13 cases it occupied 
large areas of thyroid parenchyma. In all 13 cases, 
C cell hyperplasia occurred in medial part of the thy-
roid lobe. Areas of C cell hyperplasia were located 
peripherally; however, in cases of massive hyperplasia 
they extended into the central part of thyroid lobe.
Analysis of C cell concentration in three different 
regions of thyroid lobe in cross-section showed that in 
4/28 cases any significant differences in percentage of 
C cells presented in these areas were found. Among 
remaining 24 cases, the significant differences in 
C cell concentration between peripheral and central 
areas were found in 23 cases and between peripheral 
and intermediate areas in 15 cases. The differences 
in percentage of C cells in central and intermediate 
areas of the thyroid lobe were statistically significant 
only in 9/24 cases. The mean C cell concentration 
in central area was 9.97% ± 6.42 (range 4.8–19%) 
followed by intermediate and peripheral regions 
with the mean C cell concentration of 7.89% ± 
± 6.11 (range 2.43–14.43%) and 3.95% ± 4.92 (range 
Figure 1. Section of thyroid gland parenchyma. (A) C cells arranged in small groups. (B) Group of C cells located intrafollicu-
larly, individual C cells are scattered between thyrocytes, cross-sections thorough cytoplasmic processes are visible (arrows). 
Immunoperoxidase staining method with anti-calcitonin antibody, scale bars: A = 100 µm; B = 50 µm.
A B
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0.83–7.95%), respectively. These differences were 
statistically significant (p ≤ 0.001). The mean total 
C cell concentration in the medial part of European 
bison thyroid gland was 7.33% ± 6.34. Detailed data 
on C cell concentration in particular areas of thyroid 
glands and in whole organ in individual cases are given 
in Supplementary Table 1.
In European bison thyroid glands, C cells were 
situated in three positions: intrafollicular, epifollicular 
and interfollicular. C cells located intrafollicularly 
were presented between thyrocytes in the follicular 
epithelium (Fig. 1B). C cells situated epifollicularly 
were located below follicular wall, but had direct 
contact with basal surface of thyrocytes (Fig. 2). In-
terfollicular C cells were located in connective tissue 
stroma without contact with follicular walls (Fig. 3).
C cells lying intrafollicularly were seen most 
frequently. In cases characterized by small number 
of C cells, they were individually scattered between 
follicular cells (Fig. 1B). However, they became more 
numerous within the follicular wall as the number of 
C cells increased. Usually, C cells presented in folli-
cular wall did not contact with themselves, with the 
exception of areas of hyperplasia were the C cells were 
numerous and some follicles consisting almost exclu-
sively of C cells were observed (Fig. 4). C cells located 
in epifollicular and interfollicular positions occurred 
less often. In the areas of European bison thyroid 
glands with relatively small number of parafollicular 
cells, C cells in epifollicular position were observed 
most often individually. Sometimes, they formed small 
groups consisting of 2–3 cells (Fig. 2A). In areas with 
higher number of C cells, parafollicular cells located 
in epifollicular position, either individually or in 
cell clusters, became more numerous. Sometimes, 
in hyperplastic areas, they encircled whole follicles 
in form of a solid or discontinuous rim (Fig. 2B). 
C cells located interfollicularly were observed the 
most rarely. They behaved similarly to C cells in 
remaining two localizations, i.e. they were presented 
individually throughout thyroid gland in areas with 
small number of C cells (Fig. 3A) and formed groups 
consisting of a few cells in regions with higher numbers 
of C cells (Fig. 3B).
Morphology of C cells 
C cells of European bison were characterized by 
polymorphism. They were polygonal, oval or irreg-
ular in shape and in some of them long cytoplasmic 
processes were visible (Fig. 5). The processes were the 
most apparent in C cells lying individually, especially 
in follicles visible in tangential sections. Moreover, 
cross-sections thorough the processes were also visible 
between follicular cells within walls of thyroid follicles 
(Fig. 1B). The cellular borders of individual C cells 
were apparent, but within C cell clusters cellular out-
lines were not always clearly visible. The nuclei were 
oval or round usually located eccentrically; however, 
they were not always visible.
Morphometry of C cells
European bison C cells constituted a heterogeneous 
population in terms of their size and shape. Generally, 
they were large but some variations in C cell size were 
observed. The mean C cell area was 61.97 ± 23.98 µm2 
(range 12.19–190.62 µm2) and the mean C cell perim-
eter, length and width were: 34.92 ± 9.41 µm (range 
10.83–99.23 µm), 12.85 ± 4.63 µm (range 3.76–46.45 µm) 
and 4.91 ± 1.24 µm (range 1.53–9.8 µm), 
respectively.
Figure 2. C cells in epifollicular position. (A) C cells lying either individually (arrows) or in small group (arrowhead). (B) 
C cells forming ring around thyroid follicle. Immunoperoxidase staining method with anti-calcitonin antibody, scale bar = 10 µm.
A B
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In the majority of C cells, strong cytoplasmic im-
munoreactivity was observed; however, in single cases 
some differences in staining intensity among cells 
were found. The mean color intensity was 78.32 ± 
± 31.02 (range 27.03–180.07). Detailed data on 
C cell morphometric parameters in individual cases 
are given in Supplementary Table 2.
We also compared the mean values of C cells mor-
phometric parameters obtained from European bison 
culled in autumn-winter and spring-summer periods. 
C cells of animals eliminated during autumn and 
winter were significantly larger with lower intensity of 
immunohistochemical staining compared to Europe-
an bison culled during spring and summer (Table 1).
Figure 3. C cells in interfollicular position. (A) C cells lying individually between capillaries (arrow) and (B) in small group 
(arrow). Immunoperoxidase staining method with anti-calcitonin antibody, scale bar = 10 µm.
Figure 4. Thyroid follicle wall composed predominantly of C 
cells. Immunoperoxidase staining method with anti-calcitonin 
antibody, scale bar = 10 µm.
A
Figure 5. C cells with long cytoplasmic processes (arrows) (A, B). Immunoperoxidase staining method with anti-calcitonin 
antibody, scale bar = 10 µm.
A
B
B
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Discussion
We found that European bison C cells are polymor-
phic with cytoplasmic processes. According to our 
knowledge, this morphological feature of C cells was 
not reported in available literature neither in Europe-
an bison [5, 6] nor domestic cattle [17, 18], but it was 
observed in some other species as rat, field vole [11] 
and pig [12, 14]. However, to confirm the presence 
of cytoplasmic processes in European bison C cells 
further transmission electron microscopy studies are 
needed. They would not only allow describing their 
morphology and exact localization relative to thyro-
cytes and follicular basement membrane, but also give 
the opportunity to characterize the secretory granules 
in terms of their subcellular localization, size, mor-
phology as well as cell secretion stage.
Our results indicated that on average C cells con-
sist 7.33% of all endocrine cell population presented 
in European bison thyroid gland. It falls within the 
range of C cells reported for other animal species. 
The lowest C cell concentration (less than 1%) was 
found in humans [7] followed by pig (3.8%) [14], 
some laboratory animals (mice, guinea pigs, rabbits, 
approximately 10–13% [9, 13], rats (23.1%) [13] and 
dogs (20–45%) [13]). It should be noticed, that in 
cases of animal species in which parafollicular cells 
possess cytoplasmic processes, the number of C cells 
could vary depending on the way of C cell definition 
in histological sections, i.e. counting only C cell 
bodies or C cell bodies and processes. The problem 
of underestimation of C cell number in such cases 
was raised by Sawicki and Kuczynski [11]. Taking into 
account this issue and to more precisely determine the 
number of C cells, we counted both cells bodies and 
positively stained cytoplasmic processes.
The results of our study confirmed the observation, 
that C cells are the most numerous in the central 
areas of thyroid lobes. Differences in C cell distribu-
tion within the thyroid parenchyma were reported in 
humans, various rodents and pigs [7, 11, 12, 14]. This 
phenomenon was observed also in European bison [16] 
and we made the attempt to confirm it quantitatively. 
To precisely analyze the distribution of C cells within 
the thyroid parenchyma, we counted their numbers 
in three regions of the middle part of thyroid lobes in 
transverse section. We found that the mean number 
of C cells gradually increases from periphery to central 
part of thyroid parenchyma. This observation was con-
firmed statistically, when we analyzed all cases together. 
However, this tendency was not so evident when we 
analyzed particular cases. In general, the difference in 
C cell concentration between peripheral and central 
areas of thyroid lobe was the most consistently observed 
feature (82%), but statistically significant variations in 
C cell concentration in neighboring areas of individual 
thyroid lobes (i.e. peripheral vs. intermediate, and, es-
pecially, intermediate vs. central) were found less often 
(in 53% and 32%, respectively). Moreover, in some 
cases (14%) no significant differences in C cell concen-
tration among all analyzed areas of thyroid lobe were 
found. This lack of statistically significant differences 
between percentages of C cells in particular regions 
of thyroid tissue sections observed in these cases can 
result from two reasons. Firstly, it could result from 
C cell hyperplasia which frequently occurred in the ex-
amined cases. The foci of C cell hyperplasia occupying 
periphery of middle part of thyroid lobes and expanding 
into central areas, influenced the mean number of 
C cells in intermediate and peripheral regions in some 
of randomly chosen visual fields. Secondly, the charac-
teristics of C cell distribution pattern in European bison 
thyroid gland, with presence of groups of parafollicular 
cells of various size surrounded by areas more or less 
devoid of them, created additional differences in C cell 
numbers among visual fields in each analyzed areas.
In our study, the quantitative analysis of C cells was 
performed only in the medial part of left thyroid lobes 
Table 1. Comparison of the mean values of the morphometric C cell parameters in European bison culled during 
autumn-winter and spring-summer periods
Culling period Area [µm2] Perimeter [µm] Length [µm] Width [µm] Mean color intensity 
(arbitrary units)
Mean ± SD
(range)
Mean ± SD
(range)
Mean ± SD
(range)
Mean ± SD
(range)
Mean ± SD
(range)
Autumn-winter 67.83 ± 25.08b
(21.16–182.07)
37.24 ± 9.77b
(19.86–72.45)
13.89 ± 4.89b
(5.83–32.26)
5 ± 1.23a
(2.12–9.22)
60.54 ± 15.67b
(27.03–121.62)
Spring-summer 57.57 ± 22.14b
(12.19–190.62)
33.18 ± 8.74b
(10.84–99.23)
12.06 ± 4.26b
(3.76–46.45)
4.84 ± 1.24a
(1.53–9.8)
91.65 ± 32.95b
(28.46–180.07)
Identical letters in the same column indicate statistically significant differences: athe difference significant (p ≤ 0.05); bthe difference very highly 
significant (p ≤ 0.001)
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in cross-sections. We chose this region for two rea-
sons. Firstly, because it has been shown that in most 
species C cells are most abundant in the central region 
of thyroid lobes [7, 8, 14]. Moreover, this method was 
applied in histological studies conducted on European 
bison thyroid gland, so we use the same method for 
comparison purposes [5, 6, 15, 16]. However, to fully 
analyze the C cell distribution thorough parenchyma 
of European bison thyroid gland and especially the 
C cell concentration further studies on other regions 
of thyroid lobes are needed.
C cell hyperplasia was a frequent finding in our 
study. It was found in approximately 45% of cases. 
C cell hyperplasia may represent a physiological or 
reactive proliferation of calcitonin-producing cells 
in response to different physiological and/or patho-
logical endocrine stimuli (e.g. TSH overstimulation, 
hypercalcemia, paracrine factors). In humans, it was 
reported in newborns, elderly as well as in patients 
with hyperparathyroidism, hypergastrinemia due to 
Zollinger-Ellison syndrome, exogenous estrogen ad-
ministration and in some thyroid diseases [19, 20]. It 
was also described in tissue adjacent to thyroid tumors 
and as a preneoplastic condition [20]. However, without 
knowledge about serum calcium level and hormonal 
status it is impossible to rationally explain causes of 
C cell hyperplasia observed in our study. We cannot 
also exclude that, at least in some of these cases, in-
creased number of C cells was related to the presence 
of ultimobranchial remnants. Sawicki [6] observed 
ultimobranchial follicles in medial parts of European 
bison thyroid glands. We did not found histological 
features of ultimobranchial remnants in examined 
tissue sections; however, taking into account that in 
the vicinity of these structures an increased number of 
C cells was reported [21, 22], we cannot exclude that 
in some of our cases C cells hyperplasia was related 
to presence of ultimobranchial remnants. Analysis of 
serial sections is necessary to confirm this hypothesis.
We found that in European bison thyroid paren-
chyma C cells were localized in three different posi-
tions: intrafollicular, epifollicular and interfollicular. 
According to Sawicki and Kuczynski [11], the term 
“interfollicular position” should be used in relation to 
C cells clearly located within the follicular epithelium, 
irrespective of whether they have visible contact with 
colloid or not and we observed C cells located between 
follicular cells in all analyzed cases. Moreover, this 
C cells distribution pattern was frequent. However, in 
the available literature information regarding C cells 
in interfollicular position in European bison thyroid 
gland are sparse. Studies conducted on parafollicu-
lar cells in this species [5, 6] indicate that typically 
European bison C cells occupy the parafollicular 
position. This is not consistent with our observations 
as we found C cells presented within walls of thyroid 
follicles with comparable or sometimes higher fre-
quency than in parafollicular position. C cells lying 
parafollicularly became more apparent as the number 
of C cells increased.
We found that European bison C cells localized 
outside of the follicular wall can occur in two posi-
tions: epifollicular and interfollicular. Classifying 
distribution pattern of C cells lying interstitially we 
applied criteria proposed by Sawicki and Kuczynski 
[11]. We agree with these authors that sometimes it is 
difficult to state unequivocally whether the observed 
position of C cells corresponds to the true interstitial 
or epifollicular position. However, we observed C cells 
lying individually or in groups which clearly adhered 
to the basal surfaces of follicular cells and we treated 
these cells as located in epifollicular position. Other 
C cells presented within connective tissue stroma 
without direct contact with thyroid follicles were con-
sidered as truly interfollicular. However, we cannot 
exclude that in some cases, especially when C cells 
were arranged in clusters, they could represent the 
epifollicularly located group of C cells in tangential 
section. In our opinion, both distribution patterns of 
C cells in European bison thyroid stroma are pos-
sible; however, this could be confirmed by further 
transmission electron microscopy studies. Moreover, 
we found that in hyperplastic areas some of C cells 
in epifollicular position form rings around thyroid 
follicles. Such distribution pattern of C cells was re-
ported in rat [11], but to date has not been described 
in European bison.
It is widely known that microscopic appearance 
of thyroid gland reflects its functional state. It has 
been shown that in animals very well adapted to low 
temperatures, hormonal activity of the thyroid gland 
undergoes seasonal changes and is significantly low-
er in winter than in summer. This phenomenon was 
confirmed by microscopic examinations and analysis 
of serum thyroid hormones levels in different animal 
species, including deer and cattle [23, 24]. Similar 
changes in thyroid gland activity were reported also 
in European bison. Sawicki et al. [5] have observed 
microscopically the seasonal changes in height of ep-
ithelial cells lining the follicles. In summer and early 
autumn, the follicular cells were higher than in winter. 
However, all these observations are related to thyro-
cytes and our study design gave also the opportunity 
to elucidate whether any morphological features could 
indicate that European bison C cells also undergo 
seasonal changes. Such changes have been reported 
in hibernating animals, including woodchucks [25] and 
bats [26]. Ultrastructural studies conducted on these 
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animals have indicated increased synthetic activity 
of C cells during spring, summer and autumn, which 
is reflected by progressive accumulation of secretory 
granules and increase length of C cells. In winter, 
the granules are stored and undergone progressive 
degranulation [25]. Moreover, it has been found 
that ultrastructure and size of C cells granules also 
differ depending on annual cycle of physiological 
activity of hibernating animals [26]. It could not be 
excluded that such changes in C cell activity; however, 
less pronounced, can also occur in non-hibernating 
animals, especially that seasonal changes in serum 
calcium level were described in some species [27, 
28]. Moreover, seasonal changes of serum calcitonin 
level were reported in deer [29, 30] with the lowest 
levels in winter and the highest in the summer-autumn 
period [30]. Unfortunately, the technical conditions 
of obtaining material from European bison autopsies 
did not allow analyzing blood serum.
Morphometrical analysis in our study showed that 
in spring-summer period European bison C cells are 
smaller but of higher immunoreactivity of C cells than 
in autumn and winter. As the IHC color intensity 
parameter reflects the amount of calcitonin accumu-
lated in C cells, our results suggest that in European 
bison, production of calcitonin by C cells may differ 
depending on the time of the year. Increased size 
of C cells in autumn and winter together with their 
lower immunoreactivity could be the effect of more 
extensive synthesis of regulatory peptides instead of 
calcitonin by C cells at this period. It is widely known 
that apart their role in calcium homeostasis, C cells are 
source of many regulatory peptides and are involved 
in the local regulation of thyrocytes activity. Some of 
these peptides display an inhibiting action, whereas 
others act as stimulators of thyroid hormones synthe-
sis [7]. We cannot excluded that in an autumn-winter 
period C cells are much more involved in regulation of 
follicular cell activity than in calcitonin synthesis and 
presence in their cytoplasm more granules containing 
regulatory peptides results in increase of their size. 
Somatostatin is an example of such inhibitory peptide 
which is synthesized by C cells together with calcitonin 
[7] and its presence in European bison parafollicular 
cells was confirmed immunohistochemically [15]. 
However, to confirm this hypothesis further studies 
of the expression of various regulatory peptides by 
European bison C cells are needed.
In the present study we described in details the mor-
phology and distribution pattern of C cells in European 
bison thyroid gland. We also performed their morpho-
metric analysis. However, to fully verify some of our 
current findings further studies are needed. Transmis-
sion electron microscope analysis will allow confirming 
the shape and exact localization of C cells relative to 
thyrocytes and characterization of the secretory gran-
ules. To validate our hypothesis of seasonal changes 
in C cell activity, analysis of levels of calcitonin as well 
as other regulatory peptides with western blot assays 
together with immunohistochemical characteristic of 
C cells expressing these peptides should be performed. 
Moreover, measurements of serum calcitonin levels in 
particular seasons are needed to confirm or exclude 
some of the above presented hypotheses.
Authors’ contributions
JS participated in the design of the study, carried out 
microscope examination, morphometric analysis, in-
terpreted of the results and drafted the manuscript; 
JB, AP and DR carried out microscope examination 
and morphometric analysis; KO collected material, 
performed macroscopic classification of obtained 
thyroid glands for study purposes; KU participated 
in immunohistochemical analysis and helped to draft 
the manuscript.
Acknowledgments
This research was funded by statutory funding. We 
thank Ewa Nałęcz-Nieniewska for technical support. 
References
1. Kupczyńska M, Barszcz K, Olbrych K, et al. Coronary arter-
ies of the European bison (Bison bonasus). Acta Vet Scand. 
2015; 57: 82, doi: 10.1186/s13028-015-0173-4, indexed in Pu-
bmed: 26608615.
2. Osińska B, Demiaszkiewicz AW, Lachowicz J. Pathological 
lesions in European bison (Bison bonasus) with infestation 
by Ashworthius sidemi (Nematoda, Trichostrongylidae). Pol 
J Vet Sci. 2010; 13(1): 63–67, indexed in Pubmed: 21077432.
3. Czykier E, Krasińska M. Cases of spermiogenesis in young 
European bison. Acta Theriologica. 2004; 49(4): 543–554, 
doi: 10.1007/bf03192597.
4. Barszcz K, Przespolewska H, Olbrych K, et al. The morpholo-
gy of the adrenal gland in the European bison (Bison bonasus). 
BMC Vet Res. 2016; 12(1): 161, doi: 10.1186/s12917-016-0783-8, 
indexed in Pubmed: 27487830.
5. Sawicki B, Siuda S, Kasacka I. Bisoniana 107. Microscopic 
structure of the thyroid gland in the European bison. Acta 
Theriologica. 1992; 37: 171–179, doi: 10.4098/at.arch.92-17.
6. Sawicki B. Bisoniana 106. Ultimobranchial follicles and cysts 
in the European bison thyroid. Acta Theriologica. 1991; 36: 
349–356, doi: 10.4098/at.arch.91-35.
7. Mara J, Morillo-Bernal J, Garca-Marn R, et al. Paracrine 
Regulation of Thyroid-Hormone Synthesis by C Cells. Thy-
roid Hormone. 2012, doi: 10.5772/46178.
8. Martín-Lacave I, Conde E, Montero C, et al. Quantitative 
changes in the frequency and distribution of the C-cell popu-
lation in the rat thyroid gland with age. Cell Tissue Res. 1992; 
270(1): 73–77, indexed in Pubmed: 1423525.
9. Sawicki B. Morphology and histochemistry of thyroid gland 
C cells of young and adult guinea pigs. Acta Theriologica. 
1975; 20: 281-296, plates 5–7, doi: 10.4098/at.arch.75-25.
230 Justyna Sokolowska et al.
©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2018
10.5603/FHC.a2018.0024
www.fhc.viamedica.pl
10. Wolfe HJ, Voelkel EF, Tashjian AH. Distribution of cal-
citonin-containing cells in the normal adult human thyroid 
gland: a correlation of morphology with peptide content. 
J Clin Endocrinol Metab. 1974; 38(4): 688–694, doi: 10.1210/ 
jcem-38-4-688, indexed in Pubmed: 4132222.
11. Sawicki B, Kuczyński M. Morphological studies on the C cells 
of the thyroid of certain rodents. Acta Theriologica. 1977; 22: 
251-260, plates 16–17, doi: 10.4098/at.arch.77-20.
12. Zabel M, Schäfer H, Surdyk J, et al. Immunocytochemical 
studies on parafollicular cells of various mammals. Acta Anat 
(Basel). 1988; 131(3): 222–226, indexed in Pubmed: 3259783.
13. Kameda Y. Parafollicular cells of the thyroid as studied with 
Davenport’s silver impregnation. Arch Histol Jpn. 1968; 30(1): 
83–94, indexed in Pubmed: 4181225.
14. Tsuchiya T, Shiomura Y, Suzuki K, et al. Immunocytochem-
ical study on the C cells in pig thyroid glands. Acta Anat 
(Basel). 1984; 120(3): 138–141, indexed in Pubmed: 6516770.
15. Sawicki B, Zabel M. Immunocytochemical study of parafol-
licular cells of the thyroid and ultimobranchial remnants of 
the European bison. Acta Histochem. 1997; 99(2): 223–230, 
doi: 10.1016/S0065-1281(97)80045-1, indexed in Pubmed: 
9248580.
16. Sawicki B. C-Zellen in der Schilddrüse und in den Resten des 
Ultimobranchialkörpers des Wisents. Annals of Anatomy - 
Anatomischer Anzeiger. 1993; 175(4): 343–347, doi: 10.1016/ 
s0940-9602(11)80037-3.
17. Ljungberg O, Nilsson PO. Hyperplastic and neoplas-
tic changes in ultimobranchial remnants and in para-
follicular (C) cells in bulls: a histologic and immunohis-
tochemical study. Vet Pathol. 1985; 22(2): 95–103, doi: 
10.1177/030098588502200201, indexed in Pubmed: 2858934.
18. Collins WT, Capen CC, Döbereiner J, et al. Ultrastructural 
evaluation of parathyroid glands and thyroid C cells of cattle 
fed Solanum malacoxylon. Am J Pathol. 1977; 87(3): 603–614, 
indexed in Pubmed: 869016.
19. Perry A, Molberg K, Albores-Saavedra J. Physiologic versus 
neoplastic C-cell hyperplasia of the thyroid: separation of 
distinct histologic and biologic entities. Cancer. 1996; 77(4): 
750–756, indexed in Pubmed: 8616768.
20. Sakorafas GH, Nasikas D, Thanos D, et al. Incidental thy-
roid C cell hyperplasia: clinical significance and implications 
in practice. Oncol Res Treat. 2015; 38(5): 249–252, doi: 
10.1159/000381605, indexed in Pubmed: 25966772.
21. Cameselle-Teijeiro J, Varela-Durán J, Sambade C, et al. Solid 
cell nests of the thyroid: light microscopy and immunohisto-
chemical profile. Hum Pathol. 1994; 25(7): 684–693, indexed 
in Pubmed: 7517912.
22. Mizukami Y, Nonomura A, Michigishi T, et al. Solid cell 
nests of the thyroid. A histologic and immunohistochemical 
study. Am J Clin Pathol. 1994; 101(2): 186–191, indexed in 
Pubmed: 7509563.
23. Shubbur A, Goffaux M, Thibier M. Evolution saisonnière 
des niveaux plasmatiques de thyroxine et de triiodothyronine 
chez le taureau post-pubère en France et en Irak. Variations 
concomitantes des taux de LH et de testostérone. Reproduc-
tion Nutrition Développement. 1989; 29(3): 309–315, doi: 
10.1051/rnd:19890309.
24. Hamr J, Bubenik GA. Seasonal thyroid hormone levels of 
free-ranging white-tailed deer (Odocoileus virginianus) in On-
tario. Canadian Journal of Zoology. 1990; 68(10): 2174–2180, 
doi: 10.1139/z90-301.
25. Frink R, Krupp PP, Young RA. Seasonal variation in the mor-
phology of thyroid parafollicular (C) cells in the woodchuck, 
Marmota monax: a light and electron microscopic study. Anat 
Rec. 1977; 189(3): 397–411, doi: 10.1002/ar.1091890302, in-
dexed in Pubmed: 920971.
26. Nunez EA, Gould RP, Holt SJ. Seasonal changes in secre-
tory granules and crystalloid inclusions of bat thyroid par-
afollicular cells. J Cell Sci. 1970; 6(3): 821–841, indexed in 
Pubmed: 5452096.
27. Smith BB, Van Saun RJ. Seasonal changes in serum calci-
um, phosphorus, and vitamin D concentrations in llamas and 
alpacas. Am J Vet Res. 2001; 62(8): 1187–1193, indexed in 
Pubmed: 11497436.
28. Nevo-Shor A, Kogan S, Joshua BZ, et al. Seasonal changes 
in serum calcium, PTH and vitamin D levels in patients with 
primary hyperparathyroidism. Bone. 2016; 89: 59–63, doi: 
10.1016/j.bone.2016.05.012, indexed in Pubmed: 27260647.
29. Chao CC, Brown RD, Deftos LJ. Seasonal levels of serum 
parathyroid hormone, calcitonin and alkaline phosphatase in 
relation to antler cycles in white-tailed deer. Acta Endocrinol 
(Copenh). 1984; 106(2): 234–240, indexed in Pubmed: 6730858.
30. Kuba J, Błaszczyk B, Stankiewicz T, et al. Circannual changes in 
serum concentrations of thyroxine, calcitonin and parathormone 
in immature and mature red deer females (Cervus elaphus). Pol 
J Vet Sci. 2015; 18(3): 613–619, doi: 10.1515/pjvs-2015-0079.
Submitted: 5 July, 2018 
Accepted after reviews: 20 November, 2018 
Available as AoP: 20 December, 2018
